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PROCESS AND COMPOtJMDR 

The present invention concerns a method for the synthesis of oligonucleotides, 
oligonucleotide derivatives, and methods for the preparation thereof. 
5 According to one. aspect of the present invention there is provided an 

oligonucleotide comprising at least one internucleotide phosphorus atom protected with a 
group of formula -x^-sir^R 5 wherein x a represent O or S, and R 3 , R< and R 5 each 
independently are optionally substituted hydrocarbyl groups, selected such that that total 
number of carbon atoms In R 8 plus R 4 plus R° | S 4 or more. Preferably at least 50%. more 
preferably at least 75% and most preferably 100% of the internucleotide phosphorus 
atoms' are protected with a group of formula -SIR B R 4 R S . 

A particular embodiment of the present invention provides compounds of Formula 

(1); 

R- — X 1 

X5=P— *^-SIR s R 4 R e 
15 X2-R 2 

Formula (1) 

wherein: 

R 1 and R z independently are nucleoside or oligonucleotide moieties; 
R , R and R each independently are optionally substituted hydrocarbyl groups 
• selected such that that total number of carbon atoms in R s plus R 4 pius R 9 is 4 or 
more; v 

X a represents O or S, preferably O; 

X' Is O or S, preferably S. 

J*"*!? 1 * " * Dnu< * M,l < i8 *»t can be replanted by R' a „d R" 

■ndude oaoaydbonuetaoe.de,. cJfeodeoxyribonudeotldes, ribLcZdL 
obsonbonucteoside. and oligonucleotides .comprising mixtures of ^™ZT J 

nSSSj h «" r ° f «*"»'•*. —**y. te example dbonude^T 
or ojlgonbonueleobdes may be modified at one or mora of the i'-flosKlons by the presence 

IS substituent such as a ha .« ™L 2-posltton by the presence of a 




embodiments, the nucleosides or oligonucleotides represented by R 1 and R 2 will represent 
the natural D-isomer. However, either or both of R 1 and R 2 may represent an unnatural 
isomer, for example an L-isomer or a B-anorner. either in whole pr irt part. One or both of 
R 1 3nd R a may comprise one or more protecting groups. Examples of such protecting 

5 groups, and the- positions which they can be employed to protect, are well known to those 
skilted itt the art, and include trityl, monomethoxyWtyl and dimethoxytrityl groups, 
levulinoyl groups, Isobutyryl groups, benzoyl groups, acetyl groups and carbonate groups, 
such as BOC and especially FMOC. 

In many embodiments, X 1 connects the 3-posltian of a ribose or deoxyribose 

10 moiety bf R 1 to the phosphorus, P. However, It will be recognised that X 1 may ocnneet the 
5-poslttdn of a ribose or deoxyribose moiety of R 1 to the phosphorus, P. 

In many embodiments, X 1 connects the 5-positlon of a ribose or deoxyribose 
motety dTR? to the phosphorus, P. However.it will be recognised that X 1 may connect the 
3 8 ~ptosttion of a ribose or deoxyribose moiety of R 2 to the phosphorus, P. 

15 Either of R 1 and R 2 may be attached to a solid support, commonly via a cieavable 

linker* En many embodiments, R 2 is attached to a solid support via a cieavable linker, 
preferably via the 3'-posWon of a ribose or deoxyribose moiety. Examples of cieavable 
linkers include base labile linkers such a& succinyl linkers, and acid labile linkers such as 
trltyi linkers, 

20 Hydrocarbyl groups which can be represented by one or more of R\ R 4 and R B 

Include any optionally substituted hydrocarbyl groups that allow the P(ill) centre to react 
with a sulphurising agent or oxidation agent, especially optionally substituted alkyl groups, 
optionally substituted aryl groups and mixtures thereof, such as aralkyl, especially benzyl, 
groups* 

25 When at least one of R*, R* and R 5 represents an optionally substituted alkyl 

group, it is preferably an optionally substituted C 1 - 12 alkyl, more preferably an optionally 
substituted C^alkyl and particularly an optionally substituted Chalky! group, 

When at least one of R 3 , R 4 and R* represents an optionally substituted a,ryl group, 
it Is preferably an optionally substituted phenyl group. 
30- R 3 , R 4 «ahd R s may be the same or different. 

Preferably the total number of carbon atom? in R 3 , R 4 and R 6 Is fi or greater. 
\h a preferred embodiment one of R 3 , R 4 and R s is tert-butyl and the other two are 
methyl* 

Optional substltuents for R 3 > R 4 and R s are preferably selected from the group 
35 consisting of alkyl {preferably Ct^lkyl), optionally substituted! alkoxy (preferably C 1ur . 
alkoxy)) optionally substituted aryl (preferably phenyl), optionally substituted aryioxy 
(preferably phenoxy), polyalkylene oxide (preferably polyethylene oxide or polypropylene 
oxide)* carboxy, phosphato, sulpho* nitro, cyano, halo, ureldo, -S0 2 F> hydroxy, ester, 
-WF^R*. -COR 3 , -CONR*R b , -NHCOR 3 , carboxyester, sutphone, and -SO^NR^ whefeln 



R a and R b are each independently H or optionally substituted alkyl (especially C^-alky!) 
or, in the ease of -CONR B R 6 and -SO z NR B R b , R* and R b together with the nitrogen atom to 
which they are attached represent an aliphatic or aromatic ring system; or a combination 
thereof. 

Preferred compounds of Formula (1) include compounds of formula f2): 




Formula (2) 

in compounds of formula (2), X a for each occurrence is Independently -O- or -S*. 
Preferably X a is O at each occurrence. X 1 for each occurrence is, independently, -Q-, 
or NR n , where R" represents H or C M alkyl. Preferably, X 1 is -O- at every occurrence. X 2 
for each occurrence is O or $, preferably S. X 3 for each occurrence is, independently, 
vO; -CHr, or-fCHafe.. Preferably, X 3 is -O- at every occurrence. In a more preferred 
embodiment, X 1 and X 3 are all -O- at every occurrence. R B is H, an alcohol protecting 
group, an amino protecting group or a thfo protecting group, Preferably, R B is a protecting 
group which is removable under conditions orthogohal to the group of formufa X s - 
SIFWr 3 . R 7 for each occurrence is, independently, -H, -F -OR* -NR B R W , -SR" or a 
substituted or unsubstituted aliphatic group, such as methyl or' ally!, R 12 for each 
occurrence Is, independently, a phosphorus protecting group, such as a group of formula 
-CWsCHaCN, a substituted or unsubstituted aliphatic group, -R w , -CHzCH^CHsfcCBr^. 
-CH 2 CH z -S(0)^H a CH3 or -CH s CH 2 -C 6 H 4 -NO a , provided that at least one R 1Z represents" 
a group of formula -SiRW, in which R 3 , R- and R 8 are as previously defined, in certain 
embodiments, each R« represents a group of formula -SiR*R 4 R 8 , In certain other 
embodiments, only one R ,z represents a group of formula -SiR 3 R 4 R 8 , advantageously 
being located at the 5'-tenminai intemucleotide phosphorus. R B for each occurrence Is 
Independently, -H, a substituted or unsubstituted aliphatic group (e.^ methyl, ethyl' 
melhoxyethyl or allyl), a substituted or unsubstituted aryl group, a substituted or 
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unsubstituted aralkyi, an alcohol protecting group, or -(CH 2 ), r NR*R y - R e and R 10 for each 
occurrence ate sach, Independently, -H, a substituted or unsubstltuted aliphatic ; group, or 
an &mine protecting group. Alternatively, R* and R ,fl taken together with the nlirogen to 
whitfi they "are attached are a heterocydyl group. R in for each occurrence is, 
5 independently, -H, a substituted or unsubstituted aliphatic group, or a thlo protecting 
group- R* 3 is for each occurrence is, independently, a substituted or unsubstituted 
eliphptlc group, a substituted or unaubstituted aryl group or a substituted or unsubstituted 
aralkyi group. R x and R y are each, independently. -H, a substituted or uhsubstltuted aryl 
groUp r a substituted or unsubstltuted heteroaryl group, a substituted or unsubstltuted 

1 0 aliphatic group, a substituted or unsubstltuted aralkyi group, a substituted or unsubstltuted 
heteroaralkyi group or an amine protecting group. Alternatively, R* and R y taken together 
with the nitrogen to which they are attached form a heterocyclyl group, q Is an integer 
from 1 to about 6. B is -H, a natural or unnatural nucieobase, or a protected natural or 
unnatural nucleate. R 14 Is H' a hydroxy protecting group, a thlo protecting group, an 

16 amino protecting group, -(CH 2 VMRW, a solid support, or a cleavable linker attached to a 
solid support, such as a group of the formula -Y-L-Y-R 15 . Y for each occurrence is, 
independently, a single bond, -C(0)s -C(0)NR 49 -, -C{0)G-, -NR ie - or -CK L is a linker 
which Is preferably a substituted or unsubstltuted aliphatic group or a substituted or 
undubstttuted aromatic group, for example a trltyl group. More preferably. L Is an ethylene 

20 group. R ie is -H, a substituted or unsubstituted aliphatic group or a substituted or 
unsubstltuted aromatic group, ft 16 Is any solid support suitable for solid' phase 
oligonucleotide synthesis known to those skilled in the art. Examples of suitable solid 
supports Include controlied-pore glass, polystyrene, microporous pclyarnlde, such as 
polytdirrjethyladrylamlde), ..and polystyrene coated with polyethylene. In many 

25 embodiments, R] 4 represents a cleavable linker, such as a suecinyl, oxaloyl ortrityl linker 
attached to a solid support, n is a positive integer, preferably from 1 to 100, for example 
up to 75, cornm'only up to SO, and particularly from 8 to 40. 

Natural and unnatural nucleobases that can be represented by B include adenine, 
guanine, qytosine, thymine, and uracil and modified bases such as 7-deazaguanine. 7- 

30 § daaza-S-aEagiuanine, S-propynylcytosine, 5-propyhyluricll, 7~deazaadenine, 7-desza-8- 
azaaderiihe, 7-deaza-6-oxopurlne, 6-oxopurine, 3->deazaadenosine, 2-oxo-5- 
methylp?yiimid:irie r 2-oxo^me^ 2-thio<^onyl-4r-oxo-5- 
methytpyrimidJne, 4-oxo-S^methylpyrimidlne, . 2-amtino-purlne, 5-fluorouricit, 2,6- 
dtaminopurine, 8-aminopurine, 4-triazolo-S-methylthymine^ 4-trIazolo-5-methyIuricil and 

35 hypioxanthine, 

. According to a second aspect of the present invention, there is provided a process 
for the.preparation of a compound of Formula (1) as defined above, which comprises 
oxidising or sulfurising a compound of formula (3): 
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Fdrmula (3) 

wherein R 1 , R 2 , R 3 , R 4 , R E , X B and X 1 are as defined above. 
S Compounds of Formula (3) form another aspect of the present Invention. 

the eulfurfeatlon agent employed in the process according to the second aspect of 
the present Invention is any agent able to add sulfur to compounds of Formula (3). 

Preferably the suHgrizatlon agent is an organic sulfurization agent 

Examples of organic suiHinzatlon agents inolude 3H-benzodithiol-3-one 1,1- 
10 dioxide (also called "Beaucage reagent"), dibenzoyl tetrasulfide, phenylacetyl disulfide, 
N,t»J,N , l |M' , -iBtraethy|thiuram disulfide, elemental sulfur, and 3-amIno-[1,2,4JdIthlazole-5- 
thione (see U.S. Patent No. 6,096,881. the entire teachings of which are incorporated 
herein by reference). 

typical reaction conditions for sulfurization of an oligonucleotide using the above 
15 agents can be found in Beaucage, ei a/.. Tetrahedron (1993), 49:6123, which is 
incorporated herein by reference. 

Preferred sulfurization reagents are 3-amino-[1,2,4ldithiaEole-S-thiona and 
phenylacetyl disulfide. 

Sutfurteatlon of an oligonucleotide may be carried out by, for example use of a 
20 solution' of 3-amino-[1^^]dlthla?ole-5-thione In an organic, solvent, such 
pyrtdlnefecetohtirile (1:9) mixture or pyridine, having a concentration of about 0.0S M to 
about 0,2 M. 

the oxidising agent employed in the process according to the second aspect of 
the present Invention is any agent able to add oxygen to compounds of Formula (3). . 
25 Exsjmptes of oxidising agents include iodine and peroxides, such as t-butylhydroperoxide 
Compounds of formulae (1), . (2) and (3) may be prepared by the use of 
phosphoramidite chemistry, employing siiyl phosphoramidltes. Accordingly, a third aspect 
of the present Invention comprises compounds of formula (4): 

30 R t -X 1 -P(NR 17 R 18 >X a -SiR 3 R*R 5 

Wherein R\ R 3 , R 4 , R s , X 3 and X 1 are as previously defined, and R 17 and R 18 are 
each, independently, a substituted or unsubstituted aliphatic group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl. Alternatively, R 17 and R 1 * 
33 taken together with the nitrogen to which they are bound form a heterocydyl group. 

Preferred compounds of the third aspect of the present invention are compounds 
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of farmUla (5): 



R m_ x ! 



P-OSiR a R'R i 
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Formula (5) 



wherein R a . R 4 , R B , R 7 , R 17 , R' a , B, X* and X a are as previously defined, and R 1B 
represents an alcohol, thiol or amino protecting group, preferably a protecting group 
removable under conditions orthogonal to the osiR B R*R B group. In many embodiments, It 
1<J Is preferred that R 17 and R ia are each alkyl groups, preferably C lJ} alkyl groups, and 
especially Isopropyl groups. 



•vvtiereln R 3 , r\ R H and B are as previously defined, R 80 represents a protecting 
group, preferably a protecting group removable under conditions orthogonal to the group 

20 of formula <D-SjR*R*R 6 , such as a carbonate protecting group, especially BOC or FMOC, 
and R* : represents H, OMe, OCH 2 CH 2 OCH 3 . or OR 22 , and R 52 represents a protecting 
group, known in the art for the protection of the 2'-hydroxy of ribonucleosides, and 
preferably a sllyl, particularly a trialkylstlyl, and especially a tert-butyldimethylsilyl group, 
in partfOuiariy preferred compounds of formula (6), R 3 and R 4 represent methyl groups, 

2S and R 9 • represents a tert-buLyl group, in certain embodiments, especially where a 
compound of formula (6) Is employed to add the final nucleoside of a given 
oligonucleotide sequence, R 20 may represent a silyl protecting groupj particularly a 
trialkylsDyl, and especially a tert-butyldlmethylsllyl group. 



Preferred compounds of formula (S) are compounds of formula (6): 
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Formula (6) 



Compounds of formula (4) wherein X p is O can be prepared by a) reaction 
between a compound of formula R^X^H, wherein R 1 and X 1 are as previously defined, 
and a cdmpound of formula Z-P(NR 1? R ,8 ) 2 wherein R tT and R w are as previously defined 
and Z represents a leaving group, preferably & chlorine atom, to form a compound of 

5 formula' R'-X'-PCNR^R 16 ^ b) hydrolyslng the compound of formula R^X^NR^R 18 ^ to 
forrh a = compound of formula R'-X'-PH^OXMR^R 1 *), the hydrolysis preferably faking 
place 111 the presence of a weak add, such as tetrazole, S-ethyltetrazole, or an imidazole 
salt; and c) reacting the compound of formula R 1 -X 1 -PH(=<?)(NR 1? R< B ) with a silylatlng 
agent of formula Y 1 -SiR 3 R 4 R 6 wherein Y 1 is a leaving group to form the compound of 

0 formula- (4). Examples of leaving groups which can be represented by Y Include halogen, 
especially CI and Br. Further examples of leaving groups include the residues from bis 
silylating: agents, such as compounds of the formula : 



whereiri R s , R 4 and R s are as previously defined. 

Compounds of formula (4) can also be prepared by reaction between a compound 
of formula R'OC-H, wherein R 1 and X 1 are as previously defined, and a compound of 
forriiujla : R^R^Si-X^PCNR^R 1 ^ wherein X*. R 3 . R 4 , R 5 , R 17 and R 18 are as previously 

20 defihsdi The compound of formula R^^SI^-P^R^R 1 ^ can be prepared by reaction 
between^ compound of formula Z-P<NR"R%» where Z is as previously defined, and a 
compound, of formula H-X 3 -SiR*R 4 R s , preferably In the presence of a base, especially a 
trlalkylanhine. Compounds of formula R 3 R 4 R s SI-0-P(NR ,7 r") s may also be prepared by 
hydrolysis of a compound of formula 2-P{NR t7 R 18 ) 2 , to form a compound of formula H-O- 

2S P(N!R 17 R? B )2, which Is then reacted with a compound of formula Y^SiR^R* wherein Y 1 is 
as described above. 

According to a fourth aspect of the present Invention, there Is provided a process 
for Che preparation of a compound of formula (1) which comprises a) coupling a compound 
of formula (4) as defined above with a nucleoside or oligonucleotide comprising a free 

30 hydroxy pr thiol group, of formula R^-H wherein R 2 and X 1 are as previously defined, 
and preferably a nucleoside or oligonucleotide comprising a free S'-hydroxy group, in the 
presence of an activator, and b) oxidising or suifUrlsing the product of step a). In one 
embodiment, the process of the fourth aspect of the present invention comprises the 
coupling of a compound of formula (4) as defined above to add the final nucleoside In an 

35 oligonucleotide, the remaining nucleosides of which having been added using 
phosphorarnidites comprising conventional phosphorus protecting groups, such as 
betaeyarjoethyioxy phosphorarnidites. 
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Preferably the nucleoside or oligonucleotide comprising the free hydroxy) or thiol 
group - is attached to a solid support, most preferably vie a deavable linker, preferably a 
trityl or succlnyl linker. It Is particularly preferred that the attachment to the solid support is 
via the 3'-posltlon of a rlbose or deoxyribose moiety. 
5 A preferred embodiment of the present Invention comprises a sequence of 

processes of the fourth aspect wherein a series of compounds of formula (4) are. 
sequentially coupled to a free hydroxy group to form a nascent oligonucleotide, a 
protecting group, most preferably a 5'-protecting group , j s amoved from the nascent 
oligonucleotide to form a free hydroxy group, which is then coupled with another 

10 compound of Fonmula (4) in the presence of an activator, the cycle can be repeated as 
often as desired until the desired olfgonucelotlde sequence has been assembled. 

• The compound of formula (4) l© advantageously employed as a solution in an inert 
sdfveni. Examples of such solvents suitable for use In phosphoremidite chemistry are well 
known in the art, and include in particular acetonitrite, dichtaromethane, THF arid pyridine. 

15 Activators which can be employed in the process of the present Invention are well 

known in the filed of oligonucleotide synthesis. Examples include tetrazole; S-ethyl 
tetrazole; pyridinlum salts, imidaatollnlurn salts and bereSmidazollnlum salts as disclosed in 
PGT application WO 99/62922 (incorporated herein by reference} and salt complexes 
formed, between saccharin and organic amines, especially N-methyllmidazole, pyridine 

20 arid 3-Thethylpyrldtne. 

According to a fifth aspect of the present invention, there Is provided a process for 
the preparation of a deprotected oligonucleotide which comprises a) assembling a 
compound by a process according to the fourth aspect of the present invention, and 
. removing the SiR W groups. The SIR W groups can be removed by methods known 
in Hie art for the removal of organosol protecting groups, for example by treatment with a 
source of fluoride, such as ammonium Huoride, under basic, nucieophflic conditions, The 
SiR R R groups can be removed either before or after other protecting groups are 
removed. It will be recognised that this, together with the nature of the other protecting 
groups,- may influence the choice of conditions employed. For example the SiRW 
groups may be removed by treatment with acetic acid, which treatment win also remove 

pfc-J^ZS^TT inv T m provides a process for *• of m 
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phosphonate diester, 

» • " i 

Particularly preferred trihydrocarbylsilyl donors are fert-butyldimethylsllyl chloride, 
bis(tert^>utyldimethylsilyl) acetamide and bls(tert-butyldimethyl)disila^ane. 

Preferred oligonucleotide H-phosphonate dlesters are compounds of formula (7): 

R*-x 1 

H-P=0 

f 

Formula (7) 

1 0 whereirv R\ R* and X 1 are as previously defined. 

Oligonucleotide H-phosphonate dlesters can be prepared by methods well known 
In the art, for example by reaction between a nucleoside or oligonucleotide H- 
phpsphpnate rrionoesfcer. and a nucleoside or oligonucleotide comprising a free hydroxyior 
thiol group. 

1 5 . Solvents which may be employed In the processes of the resent invention include; 

hatoalkanes, particularly dichioromethane; esters, particularly alkyl esters such as ethyl 

acetate, and methyl or ethyl propionate; nitriles, such as acetonitrile; amides, such as 
' dimethyjformamlde and N-methyipyrolHdinone; and basic, nucleophillc solvents such as 

pyridine, Preferred solvents are pyridine, dichioromethane, dlmethyWbrmamlde, N- 
20 mathyfpyrollidlnone and mixlures thereof. A particulariy preferred solvent Is pyridine, 

Organic solvents employed In the process of the present invention are preferably 

substantially anhydrous, . 

•Supports for the solid phase synthesis of oligonucleotides are well known in the 
art. Examples include silica, controlled pore glass, polystyrene, copolymers comprising 
polystyrene such as palystyrena-pply(etbylene glycol) copolymers and polymers such as 
polyVlnylacetate. Additionally, polyfecryJamilde) supports, especially microporous or soft 
gel supports, such as those more commonly employed for the solid phase synthesis of 
peptides may be employed if desired. Preferred poly<acrylamidej supports are amine- 
furrtlocMd&ed supports, especially those derived from supports prepared by 
copolymerisatidn of acryloyl-sarcosine methyl ester, N,N-dimethyJacrylsmlde and bfs- 
acryloyiethylenediamine, such as the commercially available (Polymer Laboratories) 
support sold under the catalogue name pl-dma The prccedure for preparation of the 
supports" has been described by Atherton, E.; Sheppard, R. C; In Solid Phase Synthesis- 
A Practical Approach, Publ. r IRL Press at Oxford Univerelty Press (1964) which Is 
Incorporated herein by reference. The functional group ori such supports is a methyl ester 
and this is initially converted to a primary amine functionality by reaction with an alkyl 
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dtarnlns, such as ethylene diamine. 

^he processes for the synthesis of a trihydrocarbyl silyl phosphprpthloate triesier 
in the spjld state may be carried out by stirring a slurry of the substrate bonded to the solid 
and comprising silyl phosphite linkages in a solution of sulfurlzaiion agent Alternatively, 
the solid support can be packed into a column, and solutions of the sulfurization agent can 
be passed through the column, 

' the processes according to the present invention are preferably employed to 
produce- oligonucleotides comprising at least one internudeotide phosphorus atom 
protected vWth a group of formula -X n SiR s ft 4 R 6 as defined above, which comprise 3 or 
mote bpjsefs. Preferably the oligonucleotide comprises 5 to 75, more preferably from 8 to 
50 and; particularly from 10 to 30 'internucleoside linkages- Commonly, the processes of 
the present invention are employed to prepare compounds wherein at least 50% of the 
intetaiucleoside linkages are phoephorothloated, preferably at least 75%, and most 
preferably 90 td 100% of the internucleoside linkages phosphorothioated. ' 

When the processes according 1o the present invention are used to produce 
oligonucleotides then the conditions used are any of those known in the art. 

On completion of the assembly of the desired product, the product may be cleaved 
from the solid support, using cleavage methods appropriate for the linker, preferably 
following deproteotion of the product, : 

.the trihydrocarbyl. silyl phosphorothloate product of the process ban be purified 
using bhe or more standard techniques known in the art, such as< Ion-exchange - 
chrbmatography, reverse phase chromatography, precipitation from an appropriate, 
solvent: ?nd ultra-filtration. 

Many of the compounds used herein may exist In foe form of a salt These sails 
are Jncfdded within the scope of the present inventions. 

.The compounds described herein may exist in tautomeric forms other than those 
shdwn :in this specification, These tautomers are also included within the scope of the 
present inventions. 

• The invention will now be Illustrated without limitation by the fallowing examples. 
LloLilrt Chromatography Analysis 

In the examples analysis by liquid chromatography used the following protocol: 

All sandflies were prepared in acetonitrile; 

The chromatography media was Genesis C18, 120A, 4fi; 

The dirnensions of the column were 26 x 0.46 cm; 

The flow rate wasi.0 ml / minutes; 

the detector \was set at 270 nm; 
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The run time was 30 minutes; 

The edition system used the following solvents: 

0 minutes * 80% 0.1% aqueous ammonium acetate buffer: 20% acetonitrtle 
2Q minutes ■ 100% acetpnitrile '* 
5 22mlhufes«l00%acetonitrile 

30* mihutes o 80% 0.1% aqueous ammonium acetate buffer: 20% acetoriKrlle. 

Ini the. examples the following abbreviations are used: 

no bjmtbsa /v,o-Bis(tert-butyWime<hylsllyl)acetamlde 

BSA W,0-Bls(trimethylsilyl)acetamlde 

•DCM Dichloramethane 

OMF W-Dlmethylformamlde 

DMT 4,4»-Dimethoxytrity.l 
' 15 PADS Dlphenyldithlocarbamate . 

•TBDMSCI tert-Butyidlmethylellyl chloride 

TEAP Triethylamine phosphate 

THF Teirahydrofuran 

TMS Trimethyl g | [yI 

20 

Examble 1 
Stegei 

Priaparation of 3M aqufiniK; trtethvlamlna phostirfflfa fTPAP} 

ok n « >, :T i thy, f l,ne (41 ° ^ and wator (40 ° mr) wer$ cha, * ed to 3 coded to 

25 0 * 5 C. Phosphoric acid (180 q) was added slowly to the stirred mixture until the pH was 

. !Tf f PH ? to 75 was reac ^- The solution was then transferred to a U 

S d,,uted to 1 L * Prior to use TCAp was di,uted as 

30 Steps gj 
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. ' 12 

: dmt-o \_ / dmt«o Y Y 

OH ^ O 

BtjNHO - — P H 

o 

OMT.EZ-COH OMT-82-C-H-Phos 

THF (416 ml) and 1H,1,2.4-triazole (16.1 g) were charged to a 1 L round-bottomed 
flask fitted with a thermometer, condenser, nitrogen inlet and overhead stirrer. The 
S scjiutiotii wa$ cooled, with stirring, to -16°C. Trlethylamine (32,2 g, 44.35 ml) was added 
in=one;pomon followed by the dropwfse addition of PCI 3 (6.7 ml) white maintaining the 
reaction temperature between -15 to -10°C. The reaction mixture was 'farther stirred for 
0.5' h at -15 to -10 fl C. /^-BenzoyKS'-O^^'-dimethoxytritylJ-a^Boxycytidine (DMT-Bz-C- 
■Ok) (12,4 g, from Transgenomic Bloconsumables Ltd) in THF (347 ml) was added to the 
10 reSctlom mixture over a 1 h period and the mixture was then stirred at -10°C for a further 
period of 1 h, The reaction mixture was then added to a stirred mixture of triethylamlne : 
HaO, (1:1, 200 ml) at -10*C over a period of 15 minutes and allowed to warm to room 
temperature before being transferred to a separating funnel. The bottom layer was 
discarded while the top layer was concentrated in vacuo. DOM (550 ml) was added to the 
1 5 residua and the resulting solution was washed with TEAP (0.5 M, 2x75 ml). The reaction 
mixture: was concentrated in vacuo to yield 14.75 g of product (94% yield), 

Stade3 1 

$Vnlhesis of ArVbsnzovl-5 , -Q-f4. 4ldlmeWvmMte^ 
20 oxbpentanoatal-cvtidlri-S' -v.l H^nhos p honate iC-C dirpar) " ~ 

DMfO-^T T DMTO V V 



Y-l 



o - " 



EtjNHO— - P— H MO \ y O— (j 1 — H 

° OLev 



DMT-Bz-C-H-Phos HO-Bfc-C-OLav 



KS 

LavO 

G-Cdlmer 



•Prior to use all glassware was dried In an oven and cooled in a desiccator Al*- 
25 Beij»5|I+5'-0-(4.4*-dlmethoxyWlyl)-Z-deoxy-3'-(hydrogen phosphatejcytidine 
trtethylgmmonlum salt (DMT-B*C-H-Phos) (1.1 g, prepared as described in stage 2) and 
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^berizoyl^'-deoxy^^^oxopentanoatejcytidjne (HO-Bz-C-OLev) (0.5 g , from 
Transijenorriic Bloconsumables Ltd) were dried from an azeotropic mixture with CH 5 CN (2 
x,28 rid) and toluene {25 ml). The residue was transferred to a SO ml round-bottomed 
flask fitted with a nitrogen inlet and dry DMF (10 ml) and dry pyridine (0.56 ml) were 
5 added- ihe mixture was cooled to 0°c and diphenyl chlorophosphate (0.59 ml In dry 
DCM (3 ml)) was added dropwlse over 2 minutes. The reaction was held at OX for 15 
minutes before being quenched by the addition of P H 7 phosphate buffer (5 ml, supplied 
bjir Ffsher). Saturated aqueous NaHCC 3 (40 ml) was then added to the mbdui* followed 
by DCM (40 ml), The lower organic layer was separated and washed with TEAP (0 5 M 

10 3D ml), and then dried over Na^O,. The title compound (CC dimer) was stored as a 
dried . DCM solution over Na 2 SQ 4 | n a nitrogen flushed flask at 4»C to minimise 
decomposition, Coupling of DMT-Bz-C-HHPhos and HO-Bz-C-OLev to provide the C-C 
dimer was quantitative by liquid chromatogr^hy. However, the CO dlmer, as produced 
also contained as impurities unreacted pyridine, DMF and (PhOWQXOHV Therefore In 

15 subsequent experiments the calculated mass of C-C dlmer was proportionally increased 
to compensate for the additional components present within the crude material, 

Prior to use the C-C dimer mixture was filtered to remove Na 2 S0 4 and 
concentrated in vacuo. 

20 stage. 4 

Preparation of /V f 0^isffPrt-but V Mim^hy| t 5 l|^ aratamjHa f trtrtray^ 

Acato JT^ U T * 9 l!T Ware * a " ° V6n 3nd «»* * a des ^ 

Acetemide (7 13 g) was charged to a 1L round-bottomed flask fitted with a thermometer 

>5 SIT T*" ^ WBl * te ** < 340 ^ -er CaH^ was 

T ™ ^ to ^ T ^^^' (47.37 g) was then added with 
v«gorous stirring. The reaction mixture was vigorously stirred for 22 h and then filtered 

TBDM* luncHonal group with <H NMR *™T ! «HPO«nt contained one 
°" 0,8 as6u ™P"«' <hal the crude BMTBSA material wee 100% pure . 
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Stage 5 

Reaction of the C-C riim gr wtth BMTftSA and PADS 



°-f^ W TBOMSO-P " k- TBDMSO-Xs 

As or- 



Prior to use all glassware was dried in an oven and cooled in a desiccator. 
BWT8$A was wanned to melt the solid and was then measured by volume In an air fight 
syringe which had been heated In the oven Immediately prior to use to prevent 
solldilicpation of the solid (the density of BIWTBSA was taken as d=0.868 U Org Chem 
10 1 $82, 47, 3336-3339)). 

;C-C dimer (1.007 g, prepared as described in Example 1, Stage 1 and Stage 2) 
was charged to a 25 ml round-bottomed flask fitted with nitrogen inlet and dissolved in dry 
DCM (6 rttf). BMTBSA (0.90 ml, 6 equlv, prepared in Example 1, Stage 3) was added to 
the flask. The reaction mixture was stirred for 5 minutes. PADS (327 mg. 2 equivalents 
16 from Hasegawa Co., Ltd) was then added and the mixture was stirred for a further 5 
minutes. During this time the reaction mixture changed from a yellow to a deep purple 
section. The reaction mixture was poured onto water (100 ml) and the organic layer was 
separated; The aqueous layer was further extracted with DCM (3 x 50ml). The onjanic 
la^rs were combined and washed with saturated aqueous NaHC0 3 (2 * 50ml) and brine 
(2 x SPml) and dried over Na 2 SO«. Filtration and concentration in vacuo gave 1.82 n of a 
puiplatiquid which solidified on standing. 

The erode product was analysed by liquid chromatography where the product (1) 
retention time was 1 1 .1 minutes (17%). 

25 g?ferppie,2 

Bgacttapof the OOdlrrwr Witt PM TBSA gncj 3-amlr.n-l ia^^ ^*^ 



20 



s-a 



O^h ~ TteMBoJ O N WH a OR 

OR' 



0I,< OR' 
C-Cdfmor 



30 



dinw Mnt to , ^ ^ 9 '^ SWare WaS dried ' n an ove " ™* cooled in a desiccator C-C 
dW (1 -° 07 9 - Prepared as *» 1 . Stage 1 and Stage 2> w" Lged 
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td a 2@ ml round-bottomed flask fitted with a nitrogen inlet and dissolved in dry DCM (5 
nil). fJMTBSA (0.30 ml, 5 equlv, prepared in Example 1, Stage 3> was then added to the 
flask and the reaction mixture was stirred for 5 minutes. 3-Amino-l ,2,4-dithiazofa-5-thione 
(1162 nig, 2 equivalents from Lancaster) was then added and stirring was continued for a 

fiirther=5 minutes. The reaction mixture was poured onto water (100 ml) and the organic 
layer .vyas separated. The aqueous layer was further extracted with DCM (3 x 50mJ). 
Organic layers were combined and washed with saturated aqueous NaHGO» <2 x 50m!) 
artd brine (2 x 50ml> and dried over NazSO*. Filtration and concentration In vacuo gave 

1^1 0 0 of a pale yellow solid. 

The crude product was analysed by liquid chromatography and the main product 

was Identified as compound (1) (68% yield) which had a retention time of 10.9 minutes in 

the liquid chromatography system described above. 



_SMC fjP57S 

16 



CLAIMS 

^i An oligonucleotide comprising at least one Internucleotlde phosphorus atom 
pfbtoc^sd with a group of formula -X'SIR^R 8 wherein X* represent O or S, and R s , R 4 
6 and R 1 * each independently are optionally substituted hydrocarbyl groups, selected such 
that that total number of carbon atoms in R* plus R 4 plus R 6 Is 4 or more. 

Z» A compound according to claim 1 , having the Formula' 1 ): 

R- 
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X^=P— Xa-SIR 3 R 4 R S 
#-R a 



* Formula (1) • 

wherdlft: 

Rj and;R a independently are nucleoside or oligonucleotide moieties; 
15 R a i R 4 and R s each independently are optionally substituted hydrocarbyl groups, selected 
alien that that total number of carbon atoms in R a plus R* plus R B Is 4 or more; 
X' represents O or S, preferably O; 

egch X 1 independently is O, S or NR n , where R n represents H or elkyl, preferably each 
X* being O; arid 
20 X 2 is O ct S, preferably S. 

3.. A process for the preparation of a compound of Formula (1) as defined in claim 2, 
which .comprises oxidising or sulfurislng a compound of formula (3) : 

R 1 — X 1 

P— X2-SIR 5 R 4 R S 
25 X 2 — R 3 

Formula (3) 

Whereihi R 1 , R 2 , R* R 4 , R s , X* and X* are as defined in claim 2, 

30 

4. , A compound of formula (3): 
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R- — X 1 

F"-X2-SiR 5 R 4 R e 



Formula (3) 

5 tfmyp R 1 , R» R*. R 4 , R 5 , X* and X< are as defined In claim 2. 
5. Aeompquncfoffiwmula(4): 

R'-X^Nr^r'^-sir^r 6 

10 

fmmjP *» R*. R* X° and X' are as defined in claim 2, and R» and R- are each, 
Mqpptafe a substituted or unsubstltufed aliphatic group, a substituted or 
unsubsHtuted aryl gmup. a substituted or unauMttutod aratkyl or R" and R" taken 
^ togetfier with the nitrogen to which they are bound form a heterocydyl group, 

wnich.^rnX* * ^ * 9 * ^ (1) 3S d ^ ned h d * tm 1 

20 bV^tl ,f * 36 ^ ih **" 1 ' in *" abator; and 
20 b) ; oxidi^ng or suifurising the product of step a). 

7 W H„ h C Pro ? SS *• Pr6p$r9tion rf a -mpound of formula (3) as defined In claim 4 
which. comprises coupling a compound of formula (4) as defined in claim st^t 
cornpqUnd of formula R 2 y 1 w • n2 , , uennea in Claim 5„ with a 
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P(WFj* 7 R 1B ) ? fa form a compound of formula R , *X t -PH(=0)(NR 17 R 1B ), the hydrolysis 
preferably taking place in the presence of a weak add, such as. tetrazola, S-ethyltetrazole, 
or* m INdazoJe salt; and o) reacting the compound of formula R 1 -X 1 -PH<*OXNR ir R 18 ) with 
a, sllylating agent of formula Y'-SiR^'fe 5 wherein Y 1 is a leaving group, to fomi the 
.5 oampQund of formula (4}. 

1p« A process for the preparation of a compound of formula R 3 R 4 R B Si-x a -P<NR 1,r R ia ) e 
wjhlch comprises reaction of a compound of formula Z»P{NR 17 R"% as defined in claim 9, 
wlh a compbund of formula HOC^RWRf, wherein X*. R 3 , R 4 and R s are as defined in 
10 cfatmi. preferably in the presence of a base. 

11. A process for the preparation of a compound of formula R 3 R 4 R 5 Si-0-F(NR 17 R" lB ) 2 
wherein R s , R 4 , and R 5 are as defined in claim 1, and R 17 and R 18 are as defined in claim 5 
; wjiich comprises: 

1.5 a| hydrolysis of a compound of formula Z-P(NR 17 R 1B ) 2 wherein Z is as defined in claim 9 to 
form a compound of formula H-O-PflMR^R"^; and 

b) relation of the product of step a) with a compound of formula Y'-StR^R 6 wherein Y 1 
is a leaving group, 

iO 13, a process for the synthesis of an oligonucleotide comprising at least one 
injernudeoiide phosphorus atom protected with a group of formula -X 1 SiRW t wherein 
X - represents O or S, and R 8 , R 4 and R B each independently are optionally substituted 
nydro^rbyl groups, selected such that that total number of carbon atoms In R 3 plus R 4 
Plus R s is 4 or more, which comprises reacting a silylatjng agent of formula V'-SiR 3 R 4 R s 

S wherejriY'is a leaving group with an oligonucleotide H-phosphonat© diesier. 
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ABSTRACT 
PROCESS AND COMPOUNDS 
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^Z^l C ° mPrlSrn9 * f6a5t one f nternud w fide phosphorus atom 

go** J with . gjwjp of formula -X°SiRW are provided, represent O or S. and R a , 

2^ " deP t nd6nt,y ^ ° Pti0na,ly 5UbStitUted ****** 9«W selected 

f^ i™n "7^1^°" at ° mS in R8 p,us R4 P ,us r5 * * ^ more. Pro^sa 
for the; preparation of these oligonucleotides, intermediate compounds useful therein, and 
process for the preparation of the Intermediate compounds are also provided. 
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